ABSTRACT. Since the beginning of the Holocene, hunter-gatherers have occupied the central-south Brazilian coast, as it was a very productive estuarine environment. Living as fishers and mollusk gatherers, they built prehistoric shellmounds, known as sambaqui, up to 30 m high, which can still be found today from the Espírito Santo (21°S) to Rio Grande do Sul (32°S) states, constituting an important testimony of paleodiversity and Brazilian prehistory. The chronology of the Sambaqui da Tarioba, situated in Rio das Ostras, Rio de Janeiro, is discussed herein. Selected well-preserved shells of Iphigenia brasiliana and charcoal from fireplaces in sequential layers were used for radiocarbon dating analysis. Based on a statistical model developed using OxCal software, the results indicate that the settlement occupation begun most probably around 3800 cal BP and lasted for up to 5 centuries.
INTRODUCTION
In the central-south Brazilian coast, the Holocene faunal assemblage, sea-level changes (Suguio et al. 1985 (Suguio et al. , 1991 Angulo and Lessa 1997; Angulo et al. 1999 Angulo et al. , 2006 Angulo et al. , 2007 Dias 2009; Dias et al. 2009) , and long-term oscillation of coastal upwelling intensity (Carbonel 1998; Castelao and Barth 2006; Mahiques et al. 2010) are closely related to the human occupation. Therefore, archaeological information provides an alternative data set that allows to better understand the past, building a baseline for time-depth climatic and environmental interpretation, and shedding light on the impact of modern civilization on the environment (Lotze et al. 2006) . Therefore, this study on the early human settlement, the pristine environment, and the biodiversity patterns for a given locality in the Brazilian coast will be informed by a radiocarbon data set for evaluating the time-depth occupation and environmental changes in the Holocene.
The best in situ testimonies for prehistoric chronology research in the Brazilian coast are the archaeological sites known as shellmounds (sambaquis). They are prehistoric mounds of discarded edible mollusks. It is now well established that the Sambaquis are not only archaeological funerary places but also habitation settlements, with evidence of diverse activities (food processing, artifacts manufacturing, habitation structures). Most Brazilian shellmounds date from 6000 to 2000 cal BP (Prous 1992; Gaspar 1996; Lima 1999 Lima /2000 Wagner et al. 2011) , with a few dates up to 9000 cal BP (Lima et al. 2002) . These shellmounds were mainly studied under the scope of archaeological research (e.g. Von Ihering 1903; Gliesch 1930; Fróes de Abreu 1932; Leonardos 1938) . The early K D Macario et al. occupation of the coast is probably related to the environmental conditions and high productivity of the coastal ecosystem. The extinction of shellmound builders is associated with the arrival of inland populations with an agriculture-based culture and warrior characteristics (Macario et al. 2009 ).
Shellmounds are characterized as artificial accumulations of seafood remains, mostly comprising seashell, blue crabs, croakers, sharks, and rays (Mello and Coelho 1989; Heredia et al. 1989; Lima 1991; Figuti 1993; Figuti and Klökler 1996; De Masi 2001; Souza et al. 2003 Souza et al. , 2010a Santos and D'Incao 2004; Scheel-Ybert et al. 2009; Hilbert and Lucena 2010; Klokler et al. 2010; Gernet and Birckolz 2011) .
Mollusk fauna in shellmounds are abundant and diverse, comprising 124 taxa in Rio de Janeiro (Souza et al. 2010b) , 77 in Santa Catarina (Klokler et al. 2010; Souza et al. 2011) , 87 in São Paulo (Souza et al. 2011), 59 in Paraná (Gernet and Birckolz 2011; Souza et al. 2011) , and 30 in Rio Grande do Sul (Souza et al. 2011) . Anomalocardia brasiliana (Gmélin, 1791) is the most frequent and abundant species (Souza et al. 2010a (Souza et al. ,b, 2011 . In addition to mollusks, the sambaquis have great quantities of fish bones and, eventually, otoliths placed along well-defined archaeostratigraphic sections during prehistoric occupation. Therefore, these shellmounds have a great potential for 14 C dating studies, and are a source to better understand not only human occupation but environmental changes in the Brazilian coast during the Holocene.
Brazilian shellmounds are located in diverse places along more than 2000 km within the central-south coast (Figure 1 ), numbering hundreds in the states of Rio de Janeiro (RJ), São Paulo (SP), Paraná (PR), Santa Catarina (SC), and Rio Grande do Sul (RS) (Wagner et al. 2011) . In Santa Catarina, some shellmounds reach monumental size, representing landscape constructions along the coast and reflecting cultural building processes (DeBlasis et al. 2007; Villagran et al. 2011) . Less documented shellmounds are reported from Pará (PA) in northern Brazil (Silveira and Schaan 2005) . The object of this research, Sambaqui da Tarioba, was previously studied by Dias (2001) within the framework of an archaeological project in Rio das Ostras, and based on the hypothesis of a long-term occupation ranging from 4000 to 2000 BP. Currently, the original context is destroyed and the adjacent landscape modified. Many shellmounds have been dated, based on various sample materials (charcoal, shell, or bone), under the scope of different research groups and supported by independent laboratories and technical analysis.
The history of 14 C analysis of Brazilian shellmounds is a consequence of the available tools for chronological support in the archaeological research, most of them based on foreign analytical services. Absolute ages, without statistical models or result calibrations, have been generally published in inaccessible papers and/or used in unpublished dissertations. In such contributions, critical reviews of these chronologies were minimized and the real context (such as sample number, type of specimens, and the analytical method) was poorly tested, lacking rigorous control.
The
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C chronology has recently been summarized by Guimarães (2007) for the sambaquis of the Saquarema lagoon complex, and from the Arraial do Cabo region by Tenorio et al. (2010) , both in the Rio de Janeiro State. These data were arranged in a schematic diagram, enabling observation and comparison of the supposed occupational periods, dating for the upper and lower archaeofacies, and exceptional sequence layers used for chronology ( Figure 2 ).
The goal of this contribution is to use the Sambaqui da Tarioba as a model for
14 C dating analysis, in order to integrate the comprehensive data set and build a chronological panorama of early prehistoric occupation during the Holocene, as well as interpret them in a perspective of the climatic changes undergone in the southeastern Brazilian coast area. We thus discuss the chronology of the Sambaqui da Tarioba based on a statistical model developed with the OxCal software (Bronk Ramsey 2009).
MATERIALS AND METHODS
Geological and Oceanographic Setting
The extensive Brazilian sandy coast is characterized by large Holocene sediment deposits, which originated from reworked siliciclastic materials (Mahiques et al. 2010 ). 14 C analyses from Holocene deposits, generally based on faunal samples from natural sandy beaches, are limited due to the reworking conditions and the absence of a well-defined stratigraphy, resulting in uncertain long-term chronological information for paleoclimatological research. Over the years, riverine flows have exported these deposits. The action of littoral current and eolic energy has transported these sediments, forming sandy beaches, estuarine areas, deltas contours, tidal platforms, and marginal lagoons. Shellmound deposits, on the other hand, present alternative sources for environmental data, since faunal material including mollusk shell and fish otoliths (carbonate) is contextualized and appropriate for 14 C dating along a well-defined archaeostratigraphic section during prehistoric occupation.
Sambaquis can be found on the Quaternary coastal plain in the municipality of Cabo Frio, Rio de Janeiro State, Brazil. Inner and outer lagoons systems were isolated from the Atlantic Ocean by a sandy bar formed during Quaternary sea-level fluctuations. According to Martin et al. (1997) , the geological evolution of this coastal plain occurred between 7000 and 5100 cal BP. Quaternary deposits in Cabo Frio overlap the Pliocene/Pleistocene post-Barreira Formation, characterized by varied clays and conglomerates sandy lenses (Martin et al. 1997; Fonseca 1998 ).
The Brazilian southeastern continental shelf was occupied by the South Atlantic Central Water transported by the Brazilian Current Waters (Memery et al. 2000) , characterized by high temperatures ranging from 22° to 27°C and salinity of 36.5 to 37.0, respectively. The coastal region in south 492
K D Macario et al.
Cabo Frio exhibits a strong cross-shelf sea surface temperature gradient, reflecting the influence of persistent coastal upwelling of relatively cold waters (18° to 16°C). This phenomenon occurs especially during the austral spring and summer, when the strength of the northeast winds is more intense (Castro and Miranda 1998; Castelao and Barth 2006; Carrière et al. 2009 ). The upwelling intensity is highest around the Cabo Frio region extending 150-400 km from Arraial do Cabo (CoelhoSouza et al. 2012).
Sampling
The Sambaqui da Tarioba is located in Rio das Ostras (22°31′40″S, 41°56′22″W), Rio de Janeiro state, Brazil ( Figure 1 ). All necessary permissions have been obtained from the Instituto do Patrimônio Histórico e Artístico Nacional (IPHAN) for this study, which complied with all relevant regulations. The excavation method has followed the formal archaeological field protocol of ScheelYbert (2005 ScheelYbert ( -2006 . It consisted of two section holes with 1 m 2 (UFF-T0-1 and UFF-T0-2), reaching the natural strata at 110 and 120 cm deep, respectively. Bulk samples were collected each 10 cm, and almost two tons of sediment were recovered from the two main sections and examined. Each bulk sample was sieved with 4-mm mesh, and the mollusk shells, crustacean decapod dactyls, fish bones and otoliths, shark and ray teeth, and human and animal bones picked from the samples and washed with current water. Selected well-preserved shells of Iphigenia brasiliana (Lamarck, 1818) 14 C dating analysis. The sandy matrix surrounding the specimens was removed and cleaned with fine-tipped dental tools and a brush. Specimen numbers are provided below, with complete repository information including collection name and geographic location.
Archaeofacies Sections
Archaeofacies from the sectors T-01 and T-02 were characterized by the presence of fine-to mediumgrained sand interbedded with shell valves, bone remains, wood fragments, and charcoal. The context is a massive shell valve accumulation on dark sandy matrix, rich in organic detritus, without a natural stratification. Five artificial successive layers were established in the excavation of sector T-01: S1: poorly friable sediment, with black soil, many fragmented shells, and concretions of hearth remains; S2: friable sediment, with black soil, many fragmented shells, and concretions of hearth remains; S3: many shells, animal and human bones, otoliths, shell artifacts, and pigments; S4: many shells, animal and human bones, otoliths, shell and bone artifacts, and various pigments; S5: the amount of shells increased significantly in the first 5 cm, where sediment was black soil. The Tarioba sector T-02 has three artificial layers: S1: poorly friable sediment, with black soil, shells, fish bones and otoliths, animal bones, and many present-day materials (such as nails, glass, and bricks); S2: many shells, both whole and ground, friable fine sediment, animal and human bones, shell artifacts, quartz river stone (used as beaters), and otoliths. This layer has an intrusion (S3) that can be observed in Figure 4 . It is important to note that from the homogeneity of this layer it is possible to conclude that it belongs to a single depositional event, and not from a long-term (over centuries) slow deposition; S4: sediment from hearth with charcoal and sparse concretions within the whole level following archaeological layer arrangement, which is settled over a basal yellow sand (Figures 3 and 4) . The artificial occupational layers are randomly deposited; therefore, it is possible that these strata could be reworked over time as a result of rebuilding of the shellmound, ceremonial burial activity, erosion, and sandy dune deposition. In this sense, the layers are not strictly horizontal and sequential. This conclusion is based on field observations and the fact that the two sectors that are spatially very close display slight differences in the layer arrangement.
Experimental Procedure
Sets of three individual shell samples were measured from each sampling spot. Two groups of 11 specimen samples were prepared and analyzed at the Physics Institute of the Universidade Federal Fluminense, while the third group was sent to Beta Analytic (Miami, USA) for comparison. Additionally, four charcoal samples were measured. At the Radiocarbon Laboratory (LAC-UFF), the shell samples were chemically treated with 0.5M HCl to remove the outer layer, which could be contaminated. For each set of samples, calcite blanks and IAEA C2 carbonate were prepared as control samples. Phosphoric acid was injected with a syringe into evacuated vials to obtain CO 2 . For charcoal samples, acid-base-acid (ABA) treatment was used with 1M hydrochloric acid and 1M sodium hydroxide. Pretreated organic samples were combusted in prebaked quartz tubes containing silver powder and cupric oxide at 900°C for 3 hr in a muffle oven. The reference materials used were IAEA C5 wood and C6 sucrose and reactor graphite was used as the chemistry and combustion blanks. The gas was purified by means of dry-ice/ethanol traps in the graphitization line (Macario et al. 2013) . Graphitization was performed using the zinc/titanium hydrate method with iron catalyst (Xu et al. 2007 ). Individual torch-sealed tubes were heated at 520°C for 7 hr in a muffle oven. Graphitized samples were pressed in each of the 40-cathode wheels of the SNICS ion source and measured in a 250kV single stage accelerator system (SSAMS). The isotopic fractionation was corrected by measuring the δ 13 C on-line in the accelerator. Background was measured using processed calcite blanks for carbonate samples and processed graphite for organic samples. Graphite and calcite processed blanks yielded average 14 C/ 13 C ratios of 6 × 10 −13 and 7 × 10 −13
, respectively.
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Average machine background was 10 −13 for unprocessed graphite. Accuracy was checked by measuring reference materials within the 2σ range of consensus values. Calibration was performed with OxCal software (Bronk Ramsey 2009) using the Marine13 calibration curve with an offset of 8 ± 17 yr (Angulo et al. 2005 ) to account for local corrections for shell samples and the Southern Hemisphere atmospheric curve SH13 ) for charcoal samples.
RESULTS AND DISCUSSION
Sets of three individual shells specimens from 11 spots among the two studied sectors were measured, one at Beta Analytic (sample set a) and two at the LAC-UFF (sample sets b and c). Four charcoal samples were measured. The 14 C dates obtained are presented in Table 1 along with laboratory codes. The 14 C dates from the Tarioba sector T-01 show that archaeofacies were not deposited in a regular depth sequence, once older layers are found mixed in younger strata. In the same way, shells from the same depths showed a spread in dates. These results can be interpreted as a reworking of the material that was accumulated during settlement or burial activities. The dates from the Tarioba sector T-02 show a more uniform archaeostratigraphic layering without evidence of aberrant disturbed sediment.
Terrestrial samples results are in good agreement with shell samples results provided that calibration was performed with the SH13 atmospheric curve and Marine13 marine curve, respectively. In order to obtain probability distributions for the beginning and end of the occupation, a sequential model was used considering two assumptions. First, the sand layer was considered as the natural pre-occupational phase register, which limits the occupational period. Therefore, the model takes into account that shells from the base layer (S0) show a complete absence of cultural activity, which de- fines dating obtained from there as the beginning of pre-occupational times (Figures 3 and 4) . Secondly, the top layer was disregarded due to the fact that some of the dates obtained therein probably originated from recent human activities in the area, including mixing with the disposal material from the first excavation done in the site. Therefore, the statistical model can give a calibrated chronological sequence that predicts pristine condition (base), prehistoric occupational time and shellmound construction phase, and final phase marked by ending of activities and abandonment of the site. Results from the obtained probability distributions indicate, within a 2σ range, dates for the beginning and end of occupation of the site between 3818-3691 and 3339-3160 cal BP, respectively ( Figure 5) . Therefore, the occupation probably lasted for up to 5 centuries and was contemporaneous with other shellmounds in the region. Figure 6 shows both of the studied sectors, with depth and sampling spots indicated.
Analysis of the malacological remains from the excavations carried out at the Tarioba shellmound led to the identification of 47 taxa. Based on Rios (1994) , the representativeness of mollusk diversity found at Tarioba was analyzed using the percentage of bivalve and gastropod species in relation to the total number of species recorded for Brazil (6.76%) and for the state of Rio de Janeiro (10.2%). The data obtained from Tarioba indicate little or no evolution of the patterns of composition, richness and distribution of molluskan biodiversity in the Rio das Ostras region (Souza et al. 2010) .
Concerning the absolute chronology, it is important to note that shell samples can always be affected by reservoir effects, especially in upwelling regions, where different waters masses meet. Despite the fact that the analysis done here used a marine curve to calibrate the results, and even though a supposed offset of 8 ± 17 yr was taken into account for local corrections, it is still desirable to have comparisons with terrestrial samples. Therefore, the results of charcoal samples are important in order to establish a more accurate chronology. The observed results for charcoal samples are in good agreement with the shell sample results, indicating no major divergence between terrestrial and marine calibrated results or among individual shells from the same archaeofacies within the studied period. On the other hand, a more detailed study of paired samples from each layer of other shellmounds with longer occupational periods could identify and clarify possible variations through time.
CONCLUSIONS
A chronology of the Sambaqui da Tarioba was established based on the study of shells from the mollusk Iphigenia brasiliana as well as from charcoal samples obtained at different layers from two excavated sectors in this shellmound. 14 C AMS analyses were used in a sequential chronology model developed with OxCal. Results from the obtained probability distribution allowed predicting an occupation time not exceeding 500 yr for this site, with dates ranging between 3818-3691 cal BP (beginning of occupation) and 3339-3160 cal BP (occupation ending). Molluskan biodiversity results have shown no significant differences from the present pattern. Shells from the mollusk Iphigenia brasiliana demonstrated good results, and to be a good candidate for reservoir effect comparisons in the studied region.
